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Abstract
We have developed a mid-infrared laser ablation sampling technique for nanoLC-MS/MS
proteomic profiling of discrete regions from biological samples. Laser ablation performed in
transmission geometry was used to transfer material from 50 µm thick tissue sections mounted
on a glass microscope slide to a capturing solvent. Captured samples were processed using filter
aided sample preparation and enzymatically digested to produce tryptic peptides for data
dependent analysis with an ion trap mass spectrometer. Comparison with UV laser capture
microdissection from neighboring regions on the same tissue section revealed that infrared laser
ablation transfer has higher reproducibility between samples from different consecutive sections.
Both techniques allowed for proteomics investigation of different organelles without the addition
of surfactants.
Keywords: IR laser ablation, UV laser capture microdissection, Proteomics, LC-MS/MS,
Localized Sampling
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1. Introduction
Over the past decade, high throughput liquid chromatography mass spectrometry has become an
indispensable tool for the investigation of many types of biomolecule classes in complex
samples.[1-3] Among the different “-omics” techniques, proteomics has the ability to discover
highly specific structural and functional differences at the cellular level. Large scale high
throughput proteomics experiments can be performed on different samples, ranging from cell
cultures[4] to tissue.[5] In particular, mass spectrometry has shown great potential as a tool to
increase the information obtained from tissue sections that are routinely prepared for histological
analysis. Mass spectrometry can be conducted on tissue extracts as well as through approaches
such as MALDI imaging[6] and mass cytometry imaging.[7] Analyzing tissue extracts has the
advantage of providing identification of a large number of proteins. At the same time, any spatial
localization and cell type information is lost. Mass spectrometry imaging techniques can
preserve spatial information, but they are not capable of providing a comprehensive picture of
medium and low abundant proteins that can be detected using liquid chromatography coupled
with mass spectrometry (LC-MS). Extraction of spatially localized regions of interest from tissue
samples is a strategy that can help bridge the gap between the two approaches.
There are several methods to separate tissue components in complex biological samples[8] and
some have been used for LC-MS analysis such as fluorescence activated cell sorting (FACS).[9]
However, most of these techniques cannot handle cells from solid tissue samples while
preserving localization information. Laser capture microdissection (LCM) is a technique in
which a laser is used to cut and separate a region of interest from a tissue section. The first
instrument was developed by Emmert-Buck and co-workers in 1996.[10] This approach uses a
thin thermoplastic film that covers the section. A near-IR laser is focused onto the film, which
melts and is fused with the cells and tissue material. The film is detached together with the
isolated region. A second variant of LCM was developed by Schütze and Lahr[11] in 1998. In this
case, a UV laser at 355 nm is directed to the sample in transmission geometry allowing selective
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cutting of the region of interest, which can then be detached with the same laser by applying
pulses at lower energy. The material is catapulted toward a cap containing a capturing solvent or
an adhesive substrate. In both cases, coupling the sampling system with microscopy enables the
use multiple approaches to determine which area to select. In a recent work, Vandewoestyne and
co-workers[12] compared the two techniques with regard to genomic analysis of the collected
material and concluded that the UV instrumentation is a faster and more precise approach. UV
LCM instruments have been used extensively for LC-MS/MS and other mass spectrometry
proteomics investigations.[13] For example, Stingl and co-workers[14] analyzed LCM processed
biopsies with high resolution LC-MS and were able to study the proteomes of different cell
populations.
Chung and Shen[15] recently reviewed the use UV LCM in neurodegeneration research,
highlighting the advantages the technique can bring to proteomic LC-MS/MS. At the same time,
they reported some of the limitations of this technology, which are the high cost of the
instrumentation as well as expensive consumables. Moreover, other factors such as tissue
dehydration, operator training, and sample-to-sample parameter tuning can affect the quality of
the biological material. In addition, Cheng and co-workers[16] reported the risks of possible crosscontamination of the collected samples with neighboring regions as well as thickness limitation.
Localized extraction of protein material can be achieved by using in-situ liquid extraction
approaches such as liquid extraction surface analysis (LESA)[17] which is based on the formation
of a liquid microjunction between the surface of interest and a solvent delivery capillary. Solvent
can be is continuously delivered to the tissue and aspirated back into a second capillary. This
approach has been used both for extraction of intact proteins for bottom-up and top-down mass
spectrometry[18] as well as for extraction of tryptic peptides from in-situ tryptic digestion of the
protein material.[19] Sampling precision is limited by the size of the microjunction, which can
vary from 0.5 to 1.6 mm.[20,

21]

Laskin and co-workers[22] introduced an approach capable of

performing a liquid junction with a spatial resolution of about 10 µm by using a delivering silica
capillary and a second capillary directly coupled to the ESI interface of a mass spectrometer.
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This approach has been successfully employed for imaging mass spectrometry experiments of
small molecules but no data about its capabilities with regards to extraction of high molecular
weights compounds has been reported so far.
A different approach to sampling a localized area on a tissue section is offered by laser ablation.
By consecutive spot to spot irradiation of the entire area of interest with a focused laser beam, it
is possible to remove the totality of the material with the additional advantage of extracting the
biomolecule components. Laser ablation can be achieved with UV LCM systems by operating
them in laser ablation dissection mode (also termed dot scanning dissection). This operation
mode made it possible for Lorenz and co-workers[23] to couple a UV LCM instrument to a mass
spectrometer in order to create a mass spectrometry imaging system.
In our previous work, we demonstrated that IR lasers at 3 µm can be used to transfer peptides
and proteins from tissue sections on microscope slides in reflection[24] or transmission[25]
geometry. The material can be captured on a second microscope slide for MALDI imaging
analysis,[25, 26] or transferred to a solvent stream for direct LC-MS[27] or capillary electrophoresis
(CE) MS[28] analysis. Recently, Kwiatkowski and co-workers[29] reported a method for extracting
proteins tissue using a picosecond IR laser and capturing the ablated material with a cryo-trap. IR
laser irradiation can transfer large biomolecules without fragmentation or introduction of
undesired modifications. This property of IR lasers can be exploited to transfer material from a
discrete region of interest on thin tissue sections. IR laser ablation methods have a lower lateral
resolution by approximately an order of magnitude compared to UV due to the longer
wavelength and diffraction limited optics. However, high numerical optics can reduce the spot
size to tens of micrometer in diameter, approaching the size of mammalian cells.[30, 31]
In this work, we demonstrate IR laser ablation sample transfer (IR LAST) for extraction of
biological material from rat brain tissue sections mounted on a microscope slide by irradiation in
transmission geometry for capture in a solvent located below the area of interest. We provide a
comparison with UV LCM operated in dot scanning mode under identical conditions and
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demonstrate that the captured material can be further processed for high throughput LC-MS/MS
proteomic analysis.
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2. Material and methods
2.1 Chemicals and biological samples
Trimethamine (tris) base was obtained from BioRad (Hercules, CA, USA). DL-Dithiothreitol
(DTT, 98%), iodoacetamide (IAA, Bioultra, 99%) and ammonium bicarbonate (ABC, BioUltra,
99.5%) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Formic acid (FA, 98%, LCMS Ultra grade), acetonitrile (99.9%, LC-MS grade) and water (Optima LC/MS grade) were
obtained from Fisher Scientific (Atlanta, GA, USA). Sequencing grade modified trypsin was
purchased from Promega (Madison, WI, USA). Ultrapure water (18 MJ cm) was produced inhouse. Ultracetrifugation cartridges (10 kDa cut-off) were obtained from PALL (Port
Washington, NY, USA). Glass microscope slides (25×75 mm) were obtained by VWR (West
Chester, PA, USA). A Bradford assay kit (Pierce Coomassie Plus) and bovine serum albumin
(BSA) were obtained from Life Technologies (Grand Island, NY, USA).
Tris buffer was prepared at a concentration of 50 mM and corrected to a pH of 8.5. ABC buffer
was prepared at a concentration of 10 mM and corrected to a pH of 7.4.
2.2 Tissue samples
Tissue samples were obtained from 4-6 week old breeding rats at the LSU School of Veterinary
Medicine Division of Laboratory Animal Medicine (DLAM). The animals were sacrificed by
CO2 (5 psi) exposure for 1 hour. Brain samples were collected, washed in 50 mM ammonium
bicarbonate buffer for 30 seconds, and frozen in liquid nitrogen within 30 minutes. Frozen
samples were stored at -80 °C. Thin sections were prepared with a Leica CM1850 cryostat (Leica
Microsystems, Wetzlar, Germany) directly from the frozen tissue. Optimal cutting temperature
(OCT) solution was used to fix one side of the sample to the cryostat support. Particular care was
taken to avoid any contact of the OCT solution with the exposed side of the tissue. Horizontal
(transverse) rat brain sections were cut at a thickness of 50 µm, thaw-mounted on uncoated
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microscope slides, and stored at -80 °C. Two consecutive sections were mounted on each
microscope slide.
2.3 Laser Ablation Sample Transfer
Laser ablation sampling was performed before laser capture microdissection. Tissue sections
were dried under vacuum for 30 minutes prior to sampling. Microscope slides were mounted on
a two-axis translation stage (M-433, Newport, Irvine, CA) operated using 50 mm actuators
(LTA-HS, Newport) and a motion controller (ESP3000, Newport). The mid-IR laser system used
for ablation has been described previously.[32] Briefly, sample slides were irradiated in
transmission geometry with a wavelength tunable pulsed IR optical parametric oscillator (IR
Opolette, OPOTEK, Carlsbad, CA, USA). The beam was directed normal to the surface and
focused with a 50 mm focal length lens. The laser pulse width was 5 ns and the repetition rate
was 20 Hz. The wavelength was set at 2.94 µm to overlap with the OH stretch absorption and
facilitate comparison with previous studies.[33] Furthermore, we have found that the OH
absorption at 3.0 µm is more efficient than the CH absorption at 3.4 µm even in nominally
dehydrated samples.[34] A 300 µL PCR tube filled with 200 µL of capture solvent was placed
below the ablation spot and held close to the slide by moving a manually operated translation
stage vertically. Experiments were conducted at a fluence of 30 kJ/m2. The laser was attenuated
internally using laser control software, and no external attenuation elements were used. A square
raster pattern was used to ablate regions of the sample at a stage velocity of 1 mm/s. Upon
completion of the ablation process, the tube was vortexed for 30 seconds and stored at -20 °C
until further processing. The tissue sections were then processed using the laser capture
microdissection system.
2.4 UV LCM laser ablation
UV laser ablation experiments were conducted with a PALM Microbeam instrument (Zeiss,
Thornwood, NY, USA) equipped with a nitrogen laser at 337 nm wavelength. The maximum
output energy was 90 µJ, the repetition rate was 100 Hz, and the pulse width was 2 ns. The
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maximum energy was selected for all experiments, which allowed detachment of tissue material
with a laser spot diameter of 20 µm. Ablation was conducted in transmission mode over an area
of 1.1×1.2 mm adjacent to the IR ablated regions. Capture was performed on a 600 µL centrifuge
tube cap. A total of 40 µL of capture solvent was added to the cap, which was then mounted
face-down on the holder and moved above the laser ablation spot. Sampling was performed in
dot scanning dissection mode. The ablation area was rastered with spots spaced at interval of 15
µm. Upon completion of the ablation process, the cap was placed on a centrifuge tube and the
sample was vortexed and briefly centrifuged at 1,000 g before storing at –20 °C. The tissue
sections were then prepared for microscope imaging acquisition.
2.5 Microscopy imaging
Microscopy images were acquired with a fluorescence stereomicroscope (SteREO Lumar V12 ,
Zeiss) equipped with a 0.8× Neolumar S objective and a high resolution digital camera
(AxioCam HRc, Zeiss). Images were recorded in bright field mode and exported using Zen 2012
(Zeiss).
2.6 Protein concentration estimation
Protein concentration estimation was conducted with a Bradford colorimetric assay. Calibration
curves were obtained in triplicate using bovine serum albumin (BSA) standards. For these
measurements, samples from UV LCM and LAST were vacuum dried and reconstituted in 15 µL
of ABC buffer, which was added to 100 µL of reagent solution. Analyses were performed in 96
well plates that were incubated for 15 minutes at room temperature before spectroscopic readings
at 595 nm.
2.7 Filter aided sample processing
Proteomic sample processing was performed based on the protocol of Wisniewski and coworkers[35] with a few modifications. Briefly, the UV LCM samples were added to 160 µL of
capture solvent (50 mM tris, pH 8.5). Protein disulfide bonds reduction was achieved by adding
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DTT to each tube to a final concentration of 10 mM and the samples were incubated at 80 ºC for
45 minutes. After cooling at room temperature for 15 minutes, the samples were transferred to
ultrafiltration cartridges with a molecular weight cut-off of 10 kDa and centrifuged at 14,000 g
for 20 minutes. Alkylation was performed by adding 100 µL of a 20 mM IAA solution to each
unit followed by incubation in the dark for 30 minutes. After incubation, the samples were
centrifuged again at 14,000 g for 10 minutes. Buffer exchanges and washing steps were
performed together by adding 100 µL of ABC buffer to each tube and centrifugation at 14,000 g
for 10 minutes. This step was repeated twice, after which filter units were placed in clean tubes.
Enzymatic digestion of the protein material was achieved using 50 µL of ABC buffer and 1 µL
of a 50 ng/µL trypsin solution. Samples were incubated at 37 ºC overnight and shaken at 200
rpm. After digestion, the filter units were centrifuged at 14,000 g for 10 min, 50 µL of ABC
buffer added, and centrifuged again. The filter units were removed and the tryptic mixtures were
vacuum dried. The dried samples were stored at –20 ºC until analysis.
2.8 Mass Spectrometry
LC-MS/MS chromatograms were recorded using (Bruker Daltonics, Bremen, Germany) Amazon
Speed ETD ion trap equipped with a Dionex Ultimate 3000 RSLC UPLC system (Dionex,
Sunnyvale, California, USA). A CaptiveSpray ionization source (Bruker) was used to perform
nano electrospray. Samples were resuspended in 60 µL of 95:5, H2O: ACN with 0.1% FA. A
total of 20 µL was injected in full loop mode and trapped on a 5 mm Acclaim PepMap100 trap
column (C18, 5 µm, 100 Å, 300 µm i.d., Thermo Scientific) using an isocratic mixture of 95:5,
H2O: ACN with 0.1% FA. Trapping was conducted for 10 minutes at a flow rate of 30 µL/min
equal to 15 loop volumes. A gradient run was performed using a 150 mm Acclaim PepMap100
analytical column (C18, 3 μm, 100 Å, 75 μm i.d.) using a gradient elution program with mixture
A (95:5, H2O: ACN with 0.1% FA) and B (20:80, H2O: ACN with 0.1% FA. After a 2 minute
equilibration at 100% A, the gradient was ramped linearly to 50% B over 90 minutes, then to
80% B over 15 minutes and finally to 100% B over 3 minutes. The column was washed at 100%
B for 10 minutes and the gradient was ramped to 100% A over 3 minutes. An additional 10
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minutes at 100% A were added for column re-equilibration. Each sample was injected once and a
blank run was performed afterward to evaluate carry over effects.
2.9 Data Analysis
Raw data were processed with Data Analysis 4.1 (Bruker). Peak lists were created using an
intensity threshold of 1,000 counts for the MS/MS spectra in the range 15-80 minutes. Database
searches were conducted using SearchGUI[36] (ver. 1.30.1) using 6 engines (X!Tandem[37] MSGF+,[38] MS Amanda,[39] MyriMatch,[40] Comet[41] and OMSSA[42]). Windows tolerances for MS
and MS/MS were set to 0.5 and 1 Da respectively. Carbamidomethylation of cysteine was
selected as a fixed modification while methionine oxidation and acetylation of protein n-termini
were selected as variable modifications. The maximum number of missed cleavages was set to 2.
The latest available version of SwissProt (release 2015/07) was selected as the database and
search results were further analyzed with PeptideShaker[43] (ver. 0.41.1) with a false discovery
rate of 5%. Protein IDs were used to retrieve localization information from UniProtKB (release
2015/07).[44] Base peak chromatograms were rebuilt from the original raw dataset using MZmine
2[45] (ver. 2.15) and plotted using KaleidaGraph (ver. 4.5, Synergy Software, Reading, PA,
USA).
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3. Results and discussion

Initial studies were performed to evaluate and optimize UV LCM and LAST for the transfer of
biological material from 50 µm thick tissue sections. The first parameter taken into consideration
was the LCM laser energy and focus that were optimized with tissue samples. The LCM
instrument has two cutting modes: laser cutting mode and laser ablation dissection. In laser
cutting mode, the laser is continuously operated while the slide is moved with an X-Y stage.
Even using the highest repetition rate (100 Hz), laser cutting mode did not consistently detach all
of the material in a selected area, often producing partial removal or leaving a dark trace about
20 µm wide that was associated with sample charring. A more consistent ablation was achieved
with laser ablation mode. In this mode, the laser is held in one position and the desired number of
shots is directed to the sample, then the laser is moved to the next position, continuing until the
desired area is irradiated. The highest material removal was achieved using 100 shots per
position at 90 µJ per pulse, the maximum energy available. As shown in Figure 1, these
parameters resulted in complete ablation of lines about 20 µm wide. Therefore, LCM sampling
was conducted in laser ablation mode with a spot to spot distance of 15 µm.
LAST was conducted using IR laser pulse energies ranging from 0.4 to 1.2 mJ. The laser was
continuously operated while the sample slide, mounted on an X-Y stage, was moved. Complete
material ablation was achieved at 0.9 mJ energy, repetition rate of 20 Hz, and a translation
velocity of 1 mm/s. This combination resulted in complete ablation of lines about 200 µm wide
as shown in Figure 1. Finally, ablation of larger areas was achieved by moving the stage in a line
raster pattern with a spacing of 100 µm between each line to cover a 1×1 mm area. Sampling via
LAST was significantly faster than UV LCM sampling. At a stage translation velocity (1 mm/s),
LAST achieved complete ablation of the ~1 mm2 sample area in 10 seconds whereas the LCM
instrument required over one hour per sample. This higher sampling speed LAST may reduce
sample degradation effects due to air exposure, such as oxidation.[46]
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Whereas the volume of capture solvent allowed with the UV LCM instrument was limited to 40
µL by the size of the cap, the capture solvent volume for the IR ablation capture can be
optimized in order to reduce the distance between the solvent surface and the tissue section. The
rationale for the wavelength choice in the IR ablation experiment was the overlap of 3 µm
wavelength with the OH stretch vibrational absorption of water, which is present in high
concentration in the tissue sections even after vacuum drying. However, if the IR laser pulse
irradiates the surface of the capturing solvent, it can cause ablation of the solvent and possible
contamination of the slide. A capture solvent volume of 200 µL placed the solvent surface 5 mm
below the tissue, which resulted in capture of protein material with no ablation of the solvent
observed.
The following set of experiments was aimed at determining the protein recovery achievable with
the two systems as well as to obtain an initial qualitative and quantitative comparison between
the two techniques. Areas of 1.2×1.1 mm were ablated on two consecutive 50 µm tissue sections
mounted on the same microscope slide, resulting in maximal removal of a 0.07 mm3 volume of
material. Figure 2 shows bright field microscope images of ablated areas on a tissue section,
corresponding to cerebellum, midbrain and striatum regions of the brain. The size of the ablated
area allowed for sampling of similar regions for UV LCM and LAST. In all of the experiments,
LAST was able to efficiently remove nearly all of the material from the selected area whereas
UV LCM sampling was characterized by incomplete removal of the material. Additional UV
LCM sampling of the areas that were not completely ablated removed little additional material.
The expanded images on the right in Figure 2 show the ablation regions produced by the two
methods. Whereas UV LCM is characterized by sharply defined borders, the LAST ablated areas
display a slightly more irregular shape with rounded angles and uneven borders. Both the UV
LCM and LAST sampled areas contain some coarse material. It is not clear if this is residual
tissue or the result of ablated particulate being redeposited on the slide.
LAST sampling was more consistent and reproducible compared to UV LCM in all positions
sampled. Even with the parameters that allowed the production of the 20 µm ablation line shown
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in Figure 1, UV ablation displayed a high degree of inconsistency. Figure 2 shows that UV
ablation with the LCM instrument was not reproducible even under these optimized conditions.
It appears that UV ablation with the LCM instrument has a much stronger dependence on the
characteristics of the biological surface sampled. The UV absorption of tissue is dominated by
hemoglobin and melanin[47] and, although the distribution of hemoglobin is homogeneous, the
distribution of melanin is not[48] and may have an effect on the ablation efficiency. In contrast,
LAST, which relies on IR absorption, allows the complete ablation of material from all regions
of the surface.
The protein concentration in the captured samples was measured using a Bradford colorimetric
assay and bovine serum albumin as the protein standard. Figure 3 shows the results of the
Bradford assay for UV and IR ablation. Compared to previous estimates of transfer efficiency,[27]
the recovery from this study was several fold higher. While there is little difference in protein
material recovery among the LAST sampled regions, the UV LCM data are characterized by a
higher variability. In the 3 out of 6 areas where UV LCM performed well, the recovery was
higher for UV laser capture microdissection compared to IR ablation. The averaged coefficient
of variation was 5% for LAST whereas for UV LCM it was 55%. LAST provides the
reproducibility needed to create technical sampling replicates for downstream analytical
evaluation.
The high variability in protein concentration measured for UV LCM does not appear to be
correlated with the observed material removal in Figure 2. All positions in Figure 2 are similar in
material removed by the UV laser, yet there is a wide variation in the total protein detected, as
shown in Figure 3. This difference in protein recovery among the UV LCM samples may be due
to the efficiency of ablation, capture, or extraction. The extraction step is often the major
contributor to the overall variability of a mass spectrometry proteomic workflow: recently
Piehowski and co-workers[49] reported capture efficiency to be as high as 72% of the total
variability. At the same time, it is clear that in the UV LCM ablated area the sample is not
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completely removed. In the IR LAST experiments, the material appears by visual inspection to
be more completely and consistently removed.
Two consecutive sections mounted on the same slide were ablated and captured as described
above. Three LAST/LCM pairs of samples in similar regions as in Figure 2 were obtained for the
two sections. The material from the resulting 12 capture spots was subjected to enzymatic
digestion for LC-MS analysis. Sample preparation for generating tryptic peptides was conducted
using an ultracentrifugation unit with a mass cutoff of 10 kDa. Samples were processed in
parallel and analyzed with the nanoLC ion trap mass spectrometer. The resulting MS/MS spectra
were processed to generate peak lists that were used for peptides and proteins identification.
Figure 4 shows base peak chromatograms for UV LCM and LAST from the samples obtain from
the cerebellum region of one of the sections. The chromatograms obtained were characterized by
signal intensity 3 orders of magnitudes higher than the corresponding blanks. An estimate of the
number of cells ablated experiments was obtained by using an average cell diameter of 20 µm
(calculated using measurements reported in literature for both neurons and glial cells[50-52]),
which resulted in a total of about 8,000 cells and a volume of 0.07 mm3. Shapiro and
coworkers[53] reported comparable results for base peak chromatograms (BPC) obtained from the
LC-MS/MS analysis of 3,000 skin cells (keratinocytes). A comparison of the sampling
variability between LCM and LAST at the chromatographic level was obtained by integrating
BPCs from three sampled regions between 15 and 80 minutes. Coefficients of variations for the
integrated intensities of the LAST samples were 15%, 20% and 18% for the striatum, midbrain
and cerebellum regions, respectively. Coefficients of variations for the UV LCM samples were
35% and 20% and

midbrain and cerebellum regions, respectively. Compared to the low

variation measured at the protein level, LAST maintained a low variability for all the sampled
regions. Peptide loadings from the UV LCM samples were more reproducible compared to the
protein quantification data in the Bradford assay experiments, but they still resulted in high CV
values. Moreover, none of the UV ablated samples displayed the high recovery (relative to
LAST) shown for the assay in Figure 3.
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Figure 5 shows the number of proteins identified in the cerebellum and midbrain regions by LCMS. Data from each LC-MS run was searched against SwissProt database using PeptideShaker
and multiple search engines. The similar number of matches and total number of proteins for
cerebellum samples shown for LAST and LCM in Figure 5 is consistent with the high number of
similar chromatographic peaks and intensities observed in the LAST and UV LCM samples
shown in Figure 4. In the case of midbrain samples, UV LCM sampling showed a slightly lower
material removal compared to Figure 2, which is consistent with the low intensity at the
chromatographic level as well as a lower number of identified proteins compared to LAST. The
evaluation of matches between each set of duplicates from Figure 5 revealed that more than half
of the identified proteins were unique to the corresponding run. Technical analytical replicate
runs are expected to improve the reproducibility as well as to increase the number of matches
between samples processed on different sections. For the striatum region, LAST yielded a total
of 88 for one section and 76 proteins for the other with a total of 127 with 37 proteins common to
both sections. On the other hand, UV LCM ablation was not efficient no proteins were identified.
Figure 6 shows the results obtained from an analysis of proteins cellular localization for proteins
in the cerebellum region. Protein ID lists obtained by combining the results from the two tissue
sections were used as input. Both LAST and LCM were able to identify proteins belonging to
several cellular compartments in addition to cytosol. A large number of proteins are membrane
proteins, which suggests that organelles were lysed to various degrees and their protein material
was made available for the enzymatic digestion. Wang and coworkers[54] homogenized small
slices of mouse brain with ultrasonication and trifluoroethanol based protein solubilization. After
reduction, alkylation and trypsin digestion, fractions were isolated by strong cation exchange.
Analysis of the 30 fractions LC-MS/MS produced similar distributions for most compartments to
those shown in Figure 6. This suggests that our simplified protocol is capable of analyzing the
entirety of the cell compartments even in the absence of sonication and detergents.
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4. Conclusions
This work compares the performance of LAST and UV LCM with regard to speed and efficiency
for proteomics sampling. Spatially defined areas of 50 µm thick tissue sections mounted on glass
microscope slides yielded protein material for bottom-up mass spectrometry. IR laser ablation
sampling was 300 times faster for ablation sampling of the sections and is more reproducible for
removal of material from rat brain tissue sections. A CV of 5% was measured during total
protein quantification assays of LAST samples. UV LCM had an inter-section CV of more than
50% and in two cases out of six it failed to recover sufficient material for LC-MS/MS analysis.
Even in the absence of surfactants, our technology allowed for multi-compartment analysis of the
sampled regions and low variability was demonstrated with measurements of the protein
concentrations before enzymatic digestion as well as at the chromatographic level after LCMS/MS analysis of tryptic peptides with 20% as the highest CV of total peptides loaded on
column. Future work is aimed at improving the protein identification using high-resolution mass
spectrometry as well as comparison of the localization of identified proteins with conventional
MALDI mass spectrometry imaging.
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7. List of Figures

Figure 1. Optimization of ablation of rat brain tissue sections with IR optical parametric
oscillator laser and the N2 laser of the LCM instrumentation. The IR laser produced a focused
spot of about 200 µm in diameter. The LCM UV laser allowed for spot 10 times smaller, with a
diameter of about 20 µm. IR ablation could be conducted at translation speed of 1 mm/s and
repetition rates of 20 Hz (≈5 shots over a 200x200 square µm spot). LCM experiments required
accumulation of 100 pulses per spot at 100 Hz and maximum energy in order to achieve material
detachment. This was achieved with the laser pulse mode where the laser was positioned on one
spot of the raster and moved after 1 second to the next spot, 15 µm away.
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Figure 2. Bright field microscope images of the sampled area with LAST (labelled “1”) and UV
LCM (labelled “2”). Three regions were selected and 2 rectangles of 1.2x1.1 mm were sampled
for each of them with either LAST or UV LCM. A consecutive section mounted on the same
microscope slide was processed in parallel selecting the same three regions. Panels on the right
are zoomed in images of the whole section on the left.
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Figure 3. Protein concentrations from UV LCM and LAST sampled regions. Section 1 is the
section showed in Figure 2. Cerebellum, midbrain and striatum are the same regions showed in
Figure 2. Quantification was performed with Bradford colorimetric assay following the
manufacturer protocol and using bovine serum albumin as standard.
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Figure 4. Base peak chromatograms of tryptic peptide mixtures obtained from position D on
section 3: a) chromatogram from LCM sampled area; b) chromatogram of LAST sampled area.
Insets show the bright field images of the respective ablated area. Intensities were divided by
107.
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Figure 5. Number of identified proteins from database search of LC-MS/MS runs from
cerebellum and midbrain regions on two consecutive rat tissue sections. In each region, two
adjacent positions were sampled with UV LCM and LAST respectively. Red and green blocks
represent the protein unique to each section while yellow blocks represent the protein identified
in both sections.
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Figure 6. Gene ontology derived localization of proteins found in the cerebellum area for LAST
and UV LCM sampling. Protein IDs from both sections have been combined in a single list that
was searched against UniProtKB (release 2015/08) database. Searches have been conducted
using the localization keywords reported in the labels.
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